Introduction
Owing to their simplicity, high sensitivity, and high detection limits for trace chemicals in chemistry, biology, and the environment, 1 fluorescent chemosensors have received much attention in the field of supramolecular chemistry. Generally, an effective fluorescent chemosensor includes an ion recognition unit (ionophore) and a fluorogenic unit (fluorophore), that effectively converts the information of binding recognition from the ionophore unit into an easily monitored and a highly sensitive light signal from the fluorophore. Amongst the different fluorogenic units, pyrene is one of the most useful tools due to its relatively efficient monomer and excimer emissions. The sensing mechanism of pyrene is attributable to the intensity ratio of the excimer-to-monomer emission, which is very sensitive to conformational change. 2 On the other hand, the simple, effective, and versatile chemical modifications possible for calixarenes, together with their unique topology, offer a wide range of scaffolds enabling them to be selective for many different metal ions.
3À5
Thiacalix [4] arenes, which have received growing interest since their discovery in 1997, 6 possess additional coordination sites and have shown a more flexible structure and strong affinity for both soft and hard transition-metal ions. 7 Acetates are amongst the most versatile compounds in calixarene chemistry, because the acetate group is easily converted to carboxylic acids, amides, and other esters. 7c Given this, one of the most interesting features of thiacalix [4] arenes is that the conformation can be controlled by the reaction with ethyl bromoacetate in the presence of alkali carbonate as base. Additionally, with the development of the electronics industry and photographic and imaging industry, more attention has been paid to the negative effect of silver ions on the environment. For example, it is believed that silver ions can bind to various metabolites and enzymes, such as in the deactivation of sulphydryl enzyme, 8 and as a consequence, many methods have been utilized to measure trace amounts of silver ion; including atomic absorption, ICP atomic emission, UVevis absorption, and fluorescence spectroscopy. Among these approaches, fluorescence spectroscopy is widely used because of its high sensitivity and facile operation. However, due to silver belonging to heavy transition-metal ions, which usually quench fluorescence emission via enhanced spin-orbital coupling, 9 energy or electron transfer, 10 only a few fluorescent 'turn on' chemosensor for detecting silver ion have been reported at present.
11
Fluorescence quenching is not only disadvantageous for a high signal output during detection but is also undesirable for analytical purposes. 12 As a result, the development of highly selective chemosensors for the Ag þ ion still remains a challenge.
With these observations in mind, we continue our studies into the design and synthesis of chemosensors for heavy metal ions. 13 Herein, we have designed a new fluorescent sensor through pyrene-appended triazole-based thiacalix [4] arene with 1,3-alternate conformation. Such chemosensors display high affinity for silver ion by changing the monomer and excimer emission of the pyrene moieties.
Results and discussion
As shown in Scheme 1, compound cone-4 can be obtained following the reported precedures. 14 monomer emission occurred, whilst the accompanying excimer emission declined (Fig. 1a) . Much weaker responses for fluorescence emissions of the monomer and excimer quenching were given by addition of Pb 2þ , Ni 2þ , Co 2þ , and Cr 3þ ions, and no significant fluorescence intensity changes were observed upon addition of alkali metal ions. Similar selective fluorescent behavior caused by metal ions was also observed for receptor 2 ( Fig. 1b and Fig. S1 ). However, under the same analytical conditions, the fluorescent intensity of compound 3 ( Fig. 1b and Fig. S2 ) was not obviously changed upon addition of Ag þ ion and other metal ions, except in the cases of Hg 2þ and Cu 2þ ions, where acute quenching was observed. These results indicated that the fluorescent sensitive and selective binding of Ag þ ion requires the coordination of two triazole rings of receptors 1 and 2. Generally, the fluorescence of monomer emission quenching by heavy atoms, such as Hg 2þ and Cu 2þ in the chemosensors 1e3 can be attributed to the reverse PET (photon electron transfer) 16 from the pyrene unit to the nitrogen atoms of triazole ring or a heavy atom effect. 17 The excimer quenching is a result of a conformational change, which occurs during the binding of the targeted metal ions with the nitrogen atoms on the triazole ring. In this procedure, the coordination forces make the pyrene groups move far away from each other and inhibits the p/p stacking for generating excimer emission.
The fluorescence spectra of 1,3-alternate-1 at various concentrations of Ag þ ion are shown in Fig. 2 . As can be seen, the fluorescence intensity of the monomer emission of receptor 1 gradually increased on increasing concentrations of Ag þ ion from 0 to 100 mM and was accompanied by a concomitant decrease in the excimer emission. A discernible isoemissive point appeared at 430 nm. On the basis of the fluorescence titration experiments, the association constant (K a ) 18 for 1$Ag þ was determined to be 1.33Â10 5 M
À1
, and a job plot 19 for the complexation showed a 1:1 stoichiometry (Fig. 2) .
Similar fluorescence titration behavior was also evaluated in the case of receptors 1 and 2 with related metal ions (Figs. S3eS7). From these observations, the association constants for complexation were calculated to be: 1$Hg
, respectively.
To better investigate the practical applicability of the receptors 1 and 2 as Ag þ ion selective fluorescent sensor, competitive experiments were carried out in the presence of Ag , and Cr 3þ at 100 mM; as shown in Fig. 3 .58 ppm, respectively, whereas the peaks of the protons on the ester moieties were little affected. Additionally, similar coordination behavior was observed for the complexation 2$Ag þ (Fig. S12 ). These spectral changes suggested that Ag þ ion can be selectively bound by the nitrogen atoms on the triazole rings. On the other hand, it should be noted that the protons of H d and H e on the phenol 1,3-alternate thiacalix [4] arene also experienced a downfield shift from d 7.32 to 7.50 ppm and an upfield shift from d 7.26 to 6.98 ppm, respectively. These data further indicated that there must be a conformational change for receptor 1 in the presence of Ag þ ion. As a matter of fact, it is believed that the conformation of thiacalix [4] arene can be preorganized for the binding of Ag þ ion in solution in a manner, that is, similar to an example described by Shinkai and coworkers. 20 In that case, the X-ray structure clearly demonstrated that Ag þ ion was included in the p-basic benzene cavity at the lower rim, where the two distal benzene rings were being flattened and the residual two benzene rings were standing upright for binding Ag þ ion. Thus, we conclude that the two triazole groups and the ionophoricity cavity, formed by the two inverted benzene rings with the sulfur atoms framework based on thiacalix [4] arene, are all involved in the complexation with the Ag þ ion. 
Conclusion
In conclusion, we have synthesized a new type of fluorescent sensor having triazole rings as cation-binding sites on the lower rim of a thiacalix [4] arene scaffold with 1,3-alternate conformation. The selective binding behavior of receptors 1 and 2 has been evaluated by fluorescence spectra and 1 H NMR analysis. All the results suggested that the triazole moieties on the receptors 1 and 2 are highly sensitive and selective for Ag þ . This is due to cooperative coordination by the ionophoricity cavity, formed by the two inverted benzene rings and the sulfur atoms of the thiacalix [4] arene, by enhancement of the monomer emission of pyrene.
Experimental section

General
All melting points (Yanagimoto MP-S1) are uncorrected. NMR spectra were determined at 300 MHz with a Nippon Denshi JEOL FT-300 spectrometer with Me 4 Si as an internal reference: J values are given in hertz. IR spectra were measured for samples as KBr pellets in a JASCO FT/IR 4200. All the fluorescence spectra were recorded on a JASCO FP-6200 spectrometer. Mass spectra were obtained on a Nippon Denshi JMS-01SG-2 mass spectrometer at ionization energy of 70 eV using a direct inlet system through GLC. Elemental analyses were performed by Yanaco MT-5.
Materials
Compounds 4, 14 6, 22 and 8 15b were prepared following the reported procedure.
4.2.1. 5, 11, 17, Fig. 3 . Fluorescence response of 1 (5.0 mM) in CH 3 CN/CH 2 Cl 2 (1000:1, v/v) to 100 mM various tested metal ions (black bar) and to the mixture of 100 mM tested metal ions with 100 mM Ag þ ion (blue bar) at 298 K. I 0 is the fluorescence intensity at 378 nm for free 1, and I is the fluorescence intensity after adding metal ions with an excitation at 343 nm. 14.07, 22.59, 31.01, 33.82, 52.08, 60.43, 64.85, 67.60, 122.18, 123.22, 124.45, 124.85, 124.94, 125.62, 125.71, 126.21, 127.18, 127.25, 128.04, 128.23, 128.79, 129.07, 130.54, 131.13, 131.84, 131.96, 133.15, 144.59, 145.97, 146.00, 156.51, 157.20, 167.91 . IR: n max (KBr)/cm À1 2960, 2360, 1768, 1442, 1380, 1265, 1190, 1045 , 5.84; N, 5.66. Found: C, 71.09; H, 5.70; N, 5.64. 4.2.3. 5, 11, 17, ]-tetrathiacalix [4] arene (7). A suspension of compound 6 (300 mg, 0.333 mmol) and Cs 2 CO 3 (1.085 g, 3.33 mmol) was refluxed for 1 h in dry acetone (15 ml 38, 31.25, 33.41, 34.15, 52.26, 63.93, 72.69, 122.29, 123.29, 124.52, 124.84, 125.01, 125.75, 125.79, 126.29, 126.83, 126.97, 127.23, 127.29, 127.34, 127.41, 127.85, 127.99, 128.16, 128.98, 129.24, 129.69, 129.76, 130.62, 131.22, 131.98, 132.98, 137.86, 143.99, 145.58, 146.01, 155.56, 158.09 98, 52.42, 62.10, 114.19, 121.85, 124.42, 124.88, 125.02, 125.79, 125.90, 126.15, 126.35, 126.61, 127.15, 127.62, 128.27, 129.03, 129.26, 130.51, 131.12, 132.10, 143.84, 155.88 H, 6.11; N, 9.43. Found: C, 80.62; H, 6.03; N, 9.36. 
